Docket No. 0543-1015 
Appln. No. 10/553,438 

REMARKS 

The application has been amended and is believed to be 
in condition for allowance. 

Claims 1-12, and 23-25 remain in this application. 
Claims 13-18, 21-22 are withdrawn. Claims 6-7 and 19-20 are 
canceled. 

An English translation of A.P.Garshin et al . , 
"Abrazivnye materialy" , 1983, Mashinostroenie (Leningrad) is 
provided as an appendix to this response for the Examiner's 
convenience. Entry of the translation is respectfully requested. 

The Official Action rejected claims 1-5, 8-9 and 12 
under 35 USC 102(b) as being anticipated by Nikitina et al. (US 
4,906,255; hereinafter ^^NIKITINA" ) . 

The Official Action rejected claims 10--11 and 23-25 
under 35 USC 103(a) as being unpatentable over NIKITINA. 

The rejections are respectfully traversed for at least 
the reasons that follow. 

As to claim 1, it is respectfully submitted that 
NIKITINA does not teach or suggest the requirement of the maximum 
carbon content being 2 00 ppm. 

The Official Action states on page 3 that NIKITINA 
teaches no addition of carbon to the mixture before arc melting 
is carried out; therefore, this would indicate that no carbon, or 
at least not an appreciable amount, would be in the fused grains. 
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The Official Action concludes that the carbon amount would be 
below 200 ppm and accordingly maintains the rejection of claim 1. 

Applicant respectfully disagrees. Although NIKITINA 
does not explicitly describe the oxidation- reduction conditions 
in which the abrasive material is produced, NIKITINI refers to 
the '^conventional manner" wherein aluminum oxide is melted in an 
electric arc furnace with additions containing one or more listed 
oxides, referring specifically to the reference A.P.Garshin et 
al., "Abrazivnye materialy" , 1983, Mashinostroenie (Leningrad) 
(hereinafter, "GARSHIN" ; see NIKITINA, column 4, lines 27-31; 
also, column 2, lines 20-25; column 2, lines 62-63). 

Contrary to the Official Action's position that no 
addition of carbon is taught by NIKITINA, GARSHIN teaches the use 
of a furnace ''fitted with graphitised (sic) electrodes" (GARSHIN 
page 1, lines 3-4) . The carbon in the final product may come 
from an addition of carbon in the starting charge, and also from 
the consumption of the graphitized electrodes. Thus, an 
appreciable amount of carbon to exceed 200 ppm is present in 
NIKITINA even if no other carbon is added. 

GARSHIN also teaches oxidizing conditions. From page 1 
to 5 of the translation, GARSHIN describes the melting step to 
obtain white corundum. It is respectfully submitted that one of 
skill in the art would readily understand that white corundum is 
manufactured under oxidizing conditions. The white color of 
refractory products normally corresponds to oxidizing conditions. 
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Further, GARSHIN recites that ''the most effective 
technical solution in order to increase the quality of the final 
product was found to be processing of the melt stream with 
compressed air outside the furnace, which ensures homogenisation 
(sic) of the melt, and an increase in its temperature owing to 
oxidative processes ,"" (GARSHIN, page 2, last paragraph and page 
3, first paragraph). "'[A] still higher quality crystallised 
(sic) product can be ensured by blowing oxidizing gases through 
the whole mass of the melt through a bottom of the mould or of an 
intermediate vessel," (GARSHIN, page 3, first paragraph). These 
passages of the reference to NIKITINA confirm that oxidation is 
not only disclosed, but also advantageous. 

According to the method of the present invention, the 
melting energy before casting ranges ''between 2 000 and 2500 kWh 
per ton of said mixture of raw materials" (specification, page 3, 
lines 22-23; see also claim 13) . This very high melting high 
energy also contributes to the decrease of the carbon content. 

In contrast, the method of NIKITINA, as disclosed by 
GARSHIN, describes a melting step wherein the melting energy is 
''within the range 1200 to 1300 kWh/ton of fragments," (GARSHIN 
page 1, third paragraph, line 2) . One of skill would not expect 
that with such a low melting energy as described by GARSHIN that 
NIKITINA could reach a carbon content less than 2 00 ppm, 
especially if reducing conditions are further disclosed. 
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Therefore, it is respectfully submitted that NIKITINA 
fails to teach or suggest a carbon content being 200 ppm as 
required by claim 1. NIKITINA, by reference to GARSHIN, at least 
teaches a source of carbon by way of the graphitized electrodes, 
and the carbon content in the final product is therefore higher 
than 200 ppm as a result of the oxidizing conditions disclosed in 
GARSHIN as explained above. 

Further, the teachings of GARSHIN relating oxidizing 
conditions to a superior product would lead one of skill towards 
oxidizing conditions, and therefore, to carbon contents higher 
than 200 ppm (corresponding to strong reducing conditions) . 
Therefore, it is respectfully submitted that NIKITINA teaches one 
of skill away from the claimed invention. 

Reconsideration and withdrawal of the rejection are 
respectfully requested. 

It is also respectfully submitted that independent 
claim 25 is patentable at least for the same reasons set forth 
above as to claim 1, and claims depending from claim 1 are 
patentable at least for depending from a patentable. 

In addition, as to claim 9, it is respectfully 
submitted that NIKITINA does not teach or suggest grains which 
consist of corundum crystals surrounded by a nonstoichiometric 
MgO-Al203 spinel phase. 

The Official Action acknowledges that NIKITINA is 
silent to the stoichiometry or nonstoichiometry of the spinel 
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phase, but asserts that NIKITINA would be inherently at least 
partially nonstoichiometric • 

Respectfully, this does not teach what is claimed. That 
is, claim 9 does not recite grains which comprise corundum 
crystals surrounded by a nonstoichiometric MgO-Al203 spinel 
phase. Claim 9 requires grains which consist of corundum crystals 
surrounded by a nonstoichiometric MgO-A1203 spinel phase. In 
other words, claim 9 relates to a structure wherein the spinel 
phase is substantially completely nonstoichiometric . 

The teaching of only partially nonstoichiometric, 
inherent or express, does not anticipate claim 9. It is therefore 
respectfully submitted that claim 9 is novel and non-obvious over 
NIKITINA. Reconsideration and withdrawal of the rejection are 
respectfully requested. 

Further as to claims 10, 11, and 23-25, it is 
respectfully submitted that it would have not been obvious to one 
of ordinary skill in the art, through ordinary experimentation 
and optimization, to arrive at a material based on example 10 of 
Table 1 of NIKITINA. 

The Official Action offers NIKITINA' s Abstract to argue 
that NIKITINA teaches a broad range of corundum crystal sizes, 
and further argues that ''ordinary experimentation and 
optimization" would arrive at a material corresponding to that 
recited in claims 10, 11, 23-25, based on the disclosure offered 
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in part to anticipate claim 1: NIKITINA page 5, Table 1, 
composition 10. 

On the contrary, NIKITINA clearly teaches example 10 of 
Table 1 as disadvantageous where ^'the abrasiveness of the grain 
decreases considerably," (column 6, lines 1-2). The composition 
as recited in the present invention would be unexpected to one of 
skill based on this disclosure teaching away from the composition 
of example 10, thereby discouraging experimentation on this 
composition. Accordingly, it is respectfully submitted that the 
invention as claimed in claims 10, 11, and 23-25 are non-obvious 
over NIKITINA. 

From the foregoing, it will be apparent that the 
applicant has fully responded to the March 19, 2008 Official 
Action and that the claims as presented are patentable. In view 
of this, applicant respectfully requests reconsideration of the 
claims, as presented, and their early passage to issue. 

In order to expedite the prosecution of this case, it 
is requested that the Examiner telephone the attorney for the 
applicant at the number set forth below if the Examiner is of the 
opinion that further discussion of this case would be helpful. 

The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
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overpayment to Deposit Account No. 25-0120 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 



Respectfully submitted, 
YOUNG & THOMPSON 




Roland E. Long, Jr., Reg. 
209 Madison Street, Suite 
Alexandria, VA 22314 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
(703) 979-4709 



No. 
500 



REL/mj r 
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APPENDIX: 

The Appendix includes the following item(s) : 

English translation of A. P. Garshen et al . , ''Abrazivnye 
materially", 1983, Mashinostroenie (Leningrad) 
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Technology for Mettiiig of White Electro corandum. The melting of white electro 
coiundum is efiEected tn three-phase electric refining furnaces, supplied &om three-phase 
transformers of power 4.5 to 6.5 MVA. The furnaces are fitted with graphitised electrodes 
and have a lilting mechanism. The fiimace crown is a sectional, water-cooled structure, from 
the mside of which there is applied a refiuctory Uning. It is equipped udth ^ertures for the 
electrodes, for servicing of the fiimace throat, charging of alumina, and removal of furnace 
gases and dust to the electrostatic filters. There is forced water cooling of the crown, casing 
and bottom of the furnace. 

White electro corundum gravel (less than 10 mm) and fragments (100 to 160 mm) are laid 
successively in 150 to 200 mm layers on the bottom of the casing to a height of 1 m. Then an 
artificial lining slag of electro corundum fragments (100 to 150 mm), interspersed with the 
gravel, is spread along the vertical walls up to the top of the casing of the furnace. After this, 
the crown is mounted on the furnace^ and alumina is fed into it in a layer up to 100 mm^ on 
which the firing is performed. During the fiimace firing period, alumina is added in portions 
every 20 to 40 minutes with allowance made for immersion of the electrodes 200 to 300 mm 
into the alumina. Half an hour before the first poxiring of the melt, the furnace is switched off 
for consolidaticm of the lining slag* The crystallised product after cooling is firagmented to 
300 to 400 nam fragments in an impact machine and sent for grinding. 

The specific electric power consumption for the melting of the white electro corundum varies 
within the range 1200 to 1300 kWb/ton of fragments and depends on the properties of the 
starting alumina, hi studies carried out by V Ya Afaramov, it was established that the optimal 
content of a-AlaCb in the alumina must be not less than 25 wei^ % (Fig. 2.11). On 
increasing the content of a-AljOs in the alumina from 10 to 30 weight %> the specific electric 
power consumption decreases correspondingly Gcom 1370 to 1270 KWh/ton. According to 
the results of subsequent studies, the changeover to electric furnaces for the melting of highly 
calcined alumina (content of a-AljOa < 75 weight %) enables an hicrease in the stability of 
the lining slag and- a decrease in the specific electric power consumption from 1300 to 
1240 kWh/ton* At the same time* it was established that the carry-over of dust &om the 
electric furnaces into the electrostatic filters decreased from 135 to 70 kg/h. 
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y axis: q, kWh; x axis: n, %. 

Fig. 2.1 1 Change in specific electrical power consumptioii ^ in the melting of alxmina as a 
function of the content n of a-AljO^ (the content of tiie impurities Na20, Fe203, SiOi and 
magnetic material in the alimiina is 0.51, 0.14. 0.25 and 0.26 weighit % respectively) and 
differing particle size (X: 25-28; O: 28-30; •: 30-32; ■: 32-34; ▲: 34-36; A: 36-38); 
1 . for pure alumina; 2. with addition of corundum production wastes (fraction - 160 pm). 

The specific power consumption values are influenced by the design features of the electric 
furnaces and the electrical melting operating conditions. In studies carried out by 
B M Tankhel'son, it was established that with the same electrical operating conditions, 
depending on the diameter of the electrodes, the furnace bath is in different states as regards 
the power distribution in the melt and in the arc, which results in a different level of power 
consumption and lining slag condition. 



From the time of the changeover to the pouring process, the researchers* efforts were directed 
towards the search for conditions ensuring a crystalline structure analogous to that for the 
"block" process during the cooling of the melt. One of the technological solutions in this 
approach was the proposal of secondary electrical heating of the melt in the mould However, 
industrial experience of the use of this technology showed that, apart from an increase in the 
specific electric power consimiption, no significant improvement in the quality of the white 
electro conmdum is observed, V A Alferov and I V Lavrov, studying the quahty of the white 
eleciro corundum on changing to a continuous melting method, indicated the possibility of 
obtaining a structure analogous to the structure of the block product with an increase in the 
mass of the ingots to 25 tons. However, such a large ingot wci^t is attended by unwarranted 
complication of the design of the main units and auxiliary equipment At presmt, the mass of 
the ingots is 4 to 7.5 tons, and tiie ingots of weight 7.5 tons make it possible to improve the 
quality of the product and the mdustrial and economic parameters. Thus, the yield of abrasive 
granules rises from 64 to 65.6%, the whiteness increases from 61 to 73%, and the electric 
power consumption decreases by 1 0 kWh/ton. 

The most effective technical solution in order to increase the quality of the final product was 
found to be processing of the melt stream with coirqiressed air outside the fumace, which 
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ensures homogenisation of the melt, and an increase in its temperature owing to oxidative 
processes. As a result of this, the lower part of the ingot (ca. 1/3 of the volume) is character- 
ised as a monocr\^staliine product of granule size 0.1 to 0,5 mm, while dendritic 
crj-stallisaiion is observed in the remaining zones. Here it is precisely the fine-grained 
product which has increased purity and good physical and mechanical properties. A still 
higher quality cr^^stallised product can be ensured by blowing oxidising gases through the 
whole mass of the meh through the bottom of the mould or of an intermediate vessel. 

Structure and Quality of the Abrasive Materials 

In acicordance with the industry standard, v*ite electro conrndmri abrasive materials must 
satisfy the requirements indicated in Table 2. 1 7. 
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Table 2.17 Requirements of Industry' standard for white dectro conindum abrasive 
materials 

Column: 1. parameter: 2. brand and granularity, jam. 

Row: 1. content, weight % (not greater than); 2. magnetic material; 3. granularity, |nm; 
4. bulk density, p« x 10^, kg/m^. 

The carbon content and the bulk density parameter are determined for the accumulation of 
statistical data and are used as reference characteristics. 

The magnetic material content is determined in accordance with the industry standard at each 
granularity level. 

The destructibility and abrasive power are monitored only for abrasive materials in the high 
quaUty categoty. 
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I V Laviov, studying white electro conmdmn, found a number of types of grain structure 
(Table 2.18). 
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Table 2*18 Structure of white electro corundum grains 

Column: 1. grain structure; 2, content of grains, weigjit %; 3. 1^ 2"^, 3"* and 4* samples: a. 
under MBS, b. by immersion method; 4. Ge.e (granularity 40), N/grain 

Row: 1. monocrystalline; 2. mosaic; 3. dendritic; 4. d^e aggregates; 5, indistinct 
aggregates; 6. aggregates. 



It is not difficult to see that the greatest stability and destructive load correspond to grains of 
monocrj'stalline structure, while other structural forms have both a lower absolute strength 
value and a much greater range of variation. 



A particularly undesirable impuritj' in white electro corundum is iron, present in oxide form 
as a result of the interaction of the melt v^nth the walls of moulds or as a product of milling 
during grinding of the electro corundum in rod mills. 

During the processing of the fragments into abrasive materials under the action of water and 
temperature (calcining), the iron impurities may adopt nonmagnetic forms, which in the final 
analysis during the heat treatment of abrasive products leads to the appearance of spall or so- 
called midges on the tool 
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Althou^ not regulated by an industry standard, an extremely important aesth^c parameter 
for white electro corundum is the *\vhiteness" characterised by the reflection coefficient of 
the electro corundum grain to incident ligjit. As was shown by I Ya Rivlin, the grey colour of 
electro corundum, white by nature, is neutral achromatic, and consequently arises owing to 
the presence of black or grey impurities in the white material. It is considered that the grain 
has a sugar-white colour at a reflection coefficient of 65-75%, white at 50-60%, light grey at 
45-50%, grey at 30-45% and dark grey at below 30%. Without denying the effect of various 
factors on the colour of white electro corundum, we consider that the main cause of 
darkening of white electro corundum is nonstoichiometry of the a-Al203 with regard to 
oxygen, in connection with which oxidative refining treatment of the melt with gases seems 
to be the most effective means of improving the commercial iq^pearance of the product and 
articles made &om it 

2.4 Alloyed Electro Conmdums 

Alloyed electro conmdums include materials obtained by melting of alumina with the 
addition of oxides forming isomorphic solid solutions with a-AlsOs on crystallisation of the 
melt. First and foremost among such oxides are Cr203, TiOi and V2O3. For alloying with 
titanium and vanadium, Ti02 and V2O5, which under reducing melt conditions are readily 
converted to TiaO^ and V2O3, are used. 

Requirements for abrasive materials of chromium electro cormidum are specified in an 
industry standard (Table 2,19). Electro corundum alloyed with chromium and titanium is 
produced as two brands, 91 A and 92 A, depending on the technical conditions. The content of 
titanium in electro corundum alloyed with chromium and titanium is 1-2 weight %. 
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Table 2.19 Reqairemeiits of industry standard for abrasive materials of chromium 
electro corandam 

Column: 1. brand; 2. granularity; 3. mass content of component, %; hc 6oTOe = not greater 
than; oGman = total; b tbcpaom pacxBope, ne Menee = in solid solution, not less fi^aw; 
MarHKTHoro MaxepHajrxa = of magnetic material. 

Note: The parameter C is not a material quahty criterion and serves for the accumulation of 
statistical data. 

In the system Al203-Cr203 (Fig. 2.12), the Uquidus and solidus curves form an extremely 
simple diagram, characteristic for a continuous series of solid solutions, forming at high 
terqperatures. It has been shown that with a mole fraction of €1203 in the solid solution of up 
to 8%, the constants of the uiiit cell have a constant value, while at a higher content they vary 
linearly depending on the concentration of Cr203. The solid solutions (AI, Cr)203 with a 
content of Cr203 up to approximately 10% have a red colour (rubies), while with a hi^er 
content thweof they take on a green tint The colour of the sohd solutions also depends on the 
t(»x^erature, tihis being due to mutual interaction of the atoms (ions) of chromium. 
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pacmraB - melt; 2 TBep^wx pacTBopa = 2 solid solutions; Maccosaji skOnsL = mass content 
Fig. 2. 12 Phase diagram for the system €1203 - AI2O3. 

Under the conditions of the electric arc melting of chromium electro cotundum, carbon, 
which has an effect on the completeness of introduction of Cr^* ions into the soUd solution, is 
present in the melt 

Studies earned out by V Ye Gladkov on the magnetic susceptibility (Xt) of high-alumina 
samples of the AljOa-CtzCb srystem with addition of carbon in different amounts in the 
mixture showed that it differs by AX from that calculated according to the law of P Curie. 
This is determined by the fraction of chromium ions that has not entered into the solid 
solution, and is calculated according to the equation 



where Nr and Nt.p are the total quantities of chromium ions in the material and in the solid 
solution. Processing of the experimental data according to the said equation made it possible 
to obtain the values of the Cr203 concentrations in the solid solution (Table 2.20). 
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Triple 2.20 Content of CriOa in solikl soIntioB at different carbon content 

Column: 1 . content of CtzOs in starting misrture, wei^t %; 2. calculated content of Cr203 i 
solid solution at different caAon content, weight %. 



The results of the measurements and calculations carried out show that even in samples not 
containing carbon, thermodynamic equilibrium is not reached and conoplete dissolution of the 
Cr203 does not take place. Wifli the introduction of carbon into the system, the fraction of 
chromium atoms not constituting structural elements of flic crystal lattice of the solid solution 
increases, but not directly in proportion to the quantity of caibon introduced into the mixture. 
This effect appears most strongly when the content thweof is greater than 0.3 wci^ %, this 
being due to the possibility of the system dissolving a certain quantity of carbon. Even in 
those cases when the quantity of caibon introduced into the system is sufficient for con^jlete 
reduction of chromium (III) oxide according to the reaction Cr203 + 3C — ► 2Cr + 3C0, this 
does not take place. In view of the feet that in the solid state the zone of homogeneity of 
chromium (HI) oxide lies within the range Cri:92.203, a decrease in the influence of the carbon 
on the change in the valency of the chromium is also possible, in connection with which the 
concentration of Cr203 in the solid solution rraoaains relatively high. 

Studies by N I Fomkin and coworkers at VNHASh demonstrated the influence of the methods 
of preparation of the mixture and the electrical process parameters on the concentration of 
chromium ions in the solid solution and the properties of the abrasive materials. With the aim 
of blocking the processes of reduction of chromium oxide, they proposed a melt on 
aluminium bichromate with additions of MnOa, V2O5 and Ti02. Only the last-name additive 
has found practical application, as a result of which the so-called chromium-titanium electro 
corundum, made its appearance. In our opinion, the most radical means of obtaining alloyed 
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electro corundum materials is refining of the melt with oxidising gases, which can be effected 
industrially during the melting of the materials in tapping furnaces. The addition of a 1.5 
wei^t % Ti02 content to the mixture during the melting of dxromiuro electro corundum 
results in an increase in the completcne^ of introduction of chromium into the solid solution 
fiom 50 to 80%. At the same time, the bulk density of the abrasive material and its abrasive 
power increase. The strength of the individual grains in the chromium titanium electro 
corundum is also higher by 15-20%. 

Wide-ranging industrial trials of a tool based on chromium titanium electro conindum have 
demonstrated its excellent use charactCTistics, which were also due to the change from the 
chromium to liie chromium titanixnn electro corundum melting. The melting of the chromium 
titanium electro corundum basically is canied out in block furnaces, but industrial trials are 
also being performed on its production in tapping furnaces with alloying with chromium (HI) 
oxide outside the fiiraace. 

Owing to the scarcity of vanadium (V) oxide, electro corundum alloyed with vanadium has 
not been developed iQdustriali3^ According to the results of studies, abrasive material made 
from vanadium electro corundum has a green colour and can be used for the processing of 
tungsten and molybdenum tool steels, bearing and other materials of hardness HRC 52-65. 

The mineral conq)osition of the alloyed electro corundums differs from white electro 
corundum only by the presence of carbide and nitride compounds of the alloying component 
and metallic inclusions thereof. 

Certain physical and mechanical properties of alloyed electro corundums, according to 
VNHASh data, are presented in Table 2.21, from which it follows that an exact link betv^^een 
the type of alloying oxide, its concentration in the solid solution and the durability 
characteristics of the material is not observed. The concentration limits of the elements 
fonning a solid solution with corundum do not yet have a strictly scientinc basis, and studies 
in this field must be continued. 
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Table 2^1 Some physical and mecbanicsd properties of alloyed electro comndams 

Column; 1. content of alloyed component, weight %; a, total, b, in solid solution; 
2. properties of abrasive grains: a. Ocg (granularity 40), N/grain, b. abrasive power, g, 
c. bnttleness» %; d. N^ of corundum, GPa. 



2.5 Zirconfiim Electro Coraudmn 

In the last twenty years, processes of powered rough-grinding have become widespread in 
practical use both abroad and in this countrj', as the most effective and productive means for 
smoothing the surface of slabs, ingots and forged pieces. This was mainly made possible by 
the creation of a new abrasive material, a eutectic melt of alumina and zirconium (IV) oxide 
of fine-grained structure and the development of a new technology for the manufacture of 
abrasive tools, withstanding greater forces for pressing the disc to the surface to be processed 
(up to 10,000 N and above onto the disc). 

The first material of the zirconium electro corundum group was an alloy of alumina with 
added ZrOjy taken in 9:1 ratio. Somewhat later, materials with a ZrO^ content of 40 weight 
%, and later 25 weight %, appeared, and the parameters of articles made of the latter 
surpassed all previously manufactured tools: the specific productivity of the discs reached 
140 kg metal per kg of abrasive, and was stably at the level of 40-60 kg of metal per kg of 
abrasive. 
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A tool based on ziFconium electro corundum operates especially effectively in the smoothing 
of hi^-alloy steels and alloys. 

Zirconium electro corundum can be fused from various raw materials. In our country, the 
melting of zirconium electro corundimi is effected from abrasive materials of normal electro 
corundum and zirconium (R^) oxide in electric arc refining fiimaces. A major contribution to 
the organisation of production of zirconium electro corundum in this country and the study of 
the abrasive materials obtained fix)m it was made by A S Zufaov and I P VasiFyev. 

By now, there are a multitude of technical solutions for the production of zirconium electro 
corundum, the essence of which basically boils down to methods of crystallisation of the 
melt, since the main problem in the production of this material is the r^id cooling thereof to 
temperatures less than 1270 K, ensuring the attainment of a eutectic structure. 

To a first approximation, zirconium electro corundum can be regarded as the product of the 
crystallisation of the binary system Zr02 - AI2O3, 

According to the results of G Warterberg, there are no chemical compoimds in this system, 
but at a Zr02 content of approximately 40 weight %, a eutectic appears with a melting point 
of 2193 K. R F Geller detected the presence of a eutectic alloy contaming 55 weight % of 
ZrOi, widi a melting point of 2158 IL According to the results of Japanese researchers, the 
meltmg point of the eutectic is 2163 KL A S Berezhnoy constructed a calculated phase 
diagram for AI2O3 - Zr02 (Fig. 2.13), according to which the content of Zr02 in the eutectic 
alloy is 32 weigjit %, and its melting point is 21 83 K. 
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pacmiaB melt; MaccosaH jiojih = mass content 

Fig. 2. 1 3 Phase diagram for the sj'stem AI2O3 - Zr02. 

It is unlikely that the insignificant quantities of calcium and magnesium oxides (< 1.0%) 
present in the rirconium electro corundum can cause the formation of ternary compounds 
during rapid cooling. For this reason, a decrease in the crystallisation and stabilisation range 
of high temperature modifications of ZKh. due to the presence of the oxides is not to be 
expected. Magnesium oxide, forming spinel and solid solutions with AI2O3, can promote the 
formation of a fine disperse structure for the material. In the s^^tem AI2O3 - ZrOo - Ti02, 
there are no ternary compounds, and the lowest melting eutectic melts at 1853 K and has the 
mass composition (%); TiOz - 60, Zr02 - 22 and AI2O3 - 1 8. 

Additions of Si02 and Ti02 up to contents of 2 and 5 weight % increase the density and 
strength of zirconi\ma electro conmdum cooled in roller crystallisers. The introduction of 
these oxides into the system somewhat lowers the melting point and promotes the formation 
of a dense material structure under the conditions of rapid coohng and ''welding" of the 
crystallised incrustations under the pressure of the rollers. Increasing the content of SiOi 
above 2 weight % leads to an abrupt decrease in the strength of the abrasive grains, which is 
most likely due to the formation of a glassy phase in the crystallised product At the same 
time, an increase in the content of titanium (TV) oxide ftom 1 J5 to 5,7 weight % promotes an 
increase in the strength of the individual grain by almost 20%. 

The Ti203 spearing in the reducing melting process forms a solid solution with the a-Al203 
but the Ti203 content in this is lower than in noimal electro corundum. This circumstance is 
attended by the formation of a solid solution of Ti02 in Zr02> promoting stabilisation of the 
high temperature modification of ZrCb and wherein the contoit of TiOa, more precisely 
determined with X-ray analysis of samples^ is 5.7 weight %. 

The mtroduction of calcium, magnesium and chromium oxides, the content of which is iq) to 
3 wei^t %, into the con^osition of the mixture during the melting of zurconium electro 
corundum, does not cause any significant changes id the microstructure of the material, but 
uicreases the strength of the individual grains by 3-6%. 
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The microstmcture of zirconium electro corundum to a sigiuj5cant degree depends on the 
cooling conditions. Studies performed by us showed that on increasing the rate of cooling 
from 12^20 to 1000.2000°C/min, the size of the primar>' crystals of corundum decreases from 
300-400 to 30-10 fim and the numb^ of regions of eiitectic structure increases. The primary 
crystals of corundum as a rule have a shape elongated in the direction of heat removal; 
zirconium (TV) oxide in the form of baddeleyite surrounds the crystals of corundum or forms 
eutectic zones. As an exan^le, the microstnictures of zdrconium electro corundum obtained 
with different cooling rates are presented in Fig. 2.1 4. 




Fig. 2. 14 Microstmcture of zirconixrai elecfro corundum (contmt of ZrCb is 20-25 weight %) 
with different cooling rates (x 250): a: 12-20°C/min; 6: 80'130*C/min; b: IQOO^Cymin and 
r: zirconium electro corundum fixim the"Norton*' company (x 500). 

Dq>6nding on the crystallisation conditions, the prop^es of the electro coiimdum also vary 
considerably (Table 2.22). The change in the durability parameters of the zirconium electro 
corundum grains is connected with defects in its microstmcture. The defectiveness of the 
structure of the zirconium electro corundvtm manifests itself in the presence of microcracks 
between the corundum and the baddeleyite, arising as a result of &e shear stresses caused by 
the diffidence in the coefficients of thermal expansion of these minerals and possible 
modification transitions of zirconium (TV) oxide. Since the shear stress at the boundary 
between crystals is inversely proportional to their total area of contact, a decrease in the size 
of the crystals will be accompanied by a decrease m the primary stresses and in the 
probability of occurrence of defects. Baddeleyite, having considerably lower microhardness 
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than corundum, enables the latter to absorb shock on application of loads, which substantially 
raises the brittle fracture limit of the corundum and grains of the material as a structure. With 
a decrease in the dimensions of the crystals, die load distributes itself more evenly across the 
volume of the material, as a result of which the resistance to destmction increases. For 
example, a decrease in the size of the crystals forming the eutectic zones from 150 to 30 pm 
increases the resistance of the grains of 125 Mm size to destruction by a factor of more than 
two. 



T a 6 ji H u a 2.22. HefcoTOpue aoicrm sepea 31^ 
xipH pasjniHHux chopocthx axjia^KAeiiRfi otjiiibok 
(no JiafiHMM BHHKAma.) 





^ («pHf.- 

cTom> 125), 
H/aepHO 


npoqnocTb 
coBOKyniiocTH 
»^*. % 


HachtnHan 
Macca. xr/M* 


MaTtocoCToft - 
■tocTb. hhb/uu 


8 


163 


66,0 


1910 


412 


16 


197 


79,3 


1930 


470 


30 


249 


83,1 


1990 


53o 


170 


287 


87.0 


1970 


614 


-^2000 


35! 


87,0 


2030 


1200 



Table 2.22 Some properties of EC grains at different casting cooling rates (according to 
VNHSh data) 

Column: L Vcooimg, °C/min; 2. <jcg (granularity 125), N/grain; 3. grain aggregation strength, 
%; 4, bulk density, kg/m^; 5. wear resistance, mins/mm. 



In industry, the melting of zirconium electro corundum is carried out in three phase electric 
arc fumaces for the melting of white electro corundum. As miving materials, technical 
alumina, abrasive materials of white and normal electro corundums and zirconium (TV) 
oxide, and as additives, Ti02, Si02 and aluminiimi metal powder, have proved their worth. 
From the furnace, the melt passes along an intmnediate channel to the ribbon-forming zone, 
formed by the surfece of two rollers (Fig. 2.15), rotating towards one another. 
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Fig. 2.15 Diagram of pouring of ziicomuni electro corundum into roller crystallisers: 

1. lead roUcr, 2. slave ioUct; 3. wedge of melt; 4, solid strip of electro corundum; A and B: 

points of welding and formation of incrustations; B and T: temperature measurement points. 

The electro corundum melt, arriving in the wedge-shaped space formed by the rollers, 
spreads along their whole length, at the same time forming "incrustations*' on the surface of 
the water-cooled rollers. The solid incrustations meet at the point A (Fig. 2.15), *Veld" into a 
single strip, and are drawn into the gap between the rollers formed because of the departure 
of the slave roller &om the lead one. The temperature of the melt is 2323-2373 K in the 
furnace, 2173-2253 K in the stream in the channel, and 2123-2163 K in the zone where the 
strip is formed (in the wedge of melt between ftie rollers). The optimal rate of formation of 
the electro corundum strip on this device is 0.17 m/sec, and Ihe thickness 2.5-3.5 rmn The 
yield of coarse abrasive grains (2-1 ram) here is 65.3%, while the bulk density changes from 
2010 to 1920 kg/ml 

In view of the scarcity and hi^ price of zirconium (TV) oxide, a baddeleyite concmtrate with 
a Z1O2 content of 92-94 weight % was tested as the zirconium-containing material. 

A comparative characterisation of the zirconium electro corundum grains obtained from 
different mixing materials and cooled m roller crystalhsers is set out in Table 2.23. It can be 
seen that by using different mixiag materials it is possible to obtain a product with rather 
good mechanical properties. The substantially higher values of the bulk density in imported 
analogues, irrespective of the lower content of zirconium (IV) oxide therein, can be explained 
by the difference in the pouring method and the technology for producing the grains. Abroad, 
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tbe crystallisation of zircomum electro corundum is carried out in moulds with the addition of 
metal spheres or zirconium electro corundum fragments from previous melts into Ihem during 
the pouring process. The grinding of the material is effected in ball or other mills ensuring a 
more isometric shape for the grains. It is not possible to obtain an oval grain shape and 
achieve hi^ values of the bulk weight, nor grains larger than 2.0 mm, from zh^coniura electro 
corundum crystallised in the rollers. A further disadvantage of the method of pouring into 
crystaliiser rollers is the low durability and low specific productivity of the rollers. 
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Table 2.23 Characteristics of xirconiuiD electro coruodnm produced from different 
mixing materials 

Column: L mixture [3K = EC, 6aMeneBn: = baddeleyite, TJiHaoaeM - alumina], granules 
from "TiroUt" company, granules from ''Norton" company; 2. content of components by 
weight; 3. c^g (granularity 40), N/grain; 4. grain aggregation strength, %; 
3. brittleness, %; 6. bulk density, kg/m^; 7. Note: a, laboratory samples, b. industrial batch, 
c. extracted from abrasion discs. 

For the organisation of industiial production of zirconium electro corundum, it is essential to 
carry out research into new methods of crystallisation (pouring) and processing of fragments 
into abrasive materials. 



